The influx of new surgical residents and interns at the beginning of the academic year is assumed to be associated with poor outcomes. Referred to as the July phenomenon, this occurrence has been anecdotally associated with increases in the frequency of medical errors due to intern inexperience. Studies in various surgical specialties provide conflicting results.
Referred to as the July phenomenon, this occurrence has been anecdotally associated with increases in the frequency of medical errors due to intern inexperience. 4 Data from various surgical specialties provide conflicting results. Work among patients with femoral neck fractures, 1 children undergoing shunt surgery, 2 and patients presenting for trauma 3 have demonstrated increases in adverse outcomes associated with the beginning of the academic year. Other studies conducted among cardiac patients, 4 patients admitted to the intensive care unit, 5 patients with appendicitis, 6 patients undergoing obstetric procedures, 7 and patients undergoing complex neurosurgical procedures 8 revealed a lack of significant results, as well as contrasting results. At teaching hospitals, emergency general surgery (EGS) forms the majority of acute care services' case and patient loads. [9] [10] [11] [12] To meet the demands of these high-volume services, junior and senior residents, in addition to attending physicians, are often called on to provide care and make patient-management decisions. The heightened involvement of surgical trainees in EGS conditions provides an ideal population within which to help clarify the role of the July phenomenon. A majority of prior studies in other populations have been limited by their inability to restrict their analysis to teaching hospitals, where interns and residents form an essential part of the workforce. Based on these considerations, the objective of our study was to determine whether an association between the July phenomenon and outcomes exists among a nationally representative population of EGS patients presenting to teaching hospitals in the United States.
Methods
The Nationwide Inpatient Sample (NIS) is the largest publically available all-payer database of US hospital billing data. Sponsored by the Agency for Healthcare Research and Quality under the Healthcare Cost and Utilization Project, the NIS represents a 20% stratified sample of hospitals selected based on geographic region, ownership control, urban/rural location, teaching status, and number of hospital beds. The sampling frame consists of 90% of all hospital discharges. The NIS-provided design weights allow for the calculation of national estimates considered representative of 95% of the US patient population. Outcome measures included differences in in-hospital mortality, major complications, LOS, and total hospital cost. The NIS-provided total hospital charges were converted to costs using hospital cost to charge ratios for each year. These were then converted to 2014 US dollars using annual Hospital Consumer Price Indices.
18 Considered complications included secondary ICD-9-CM-defined pneumonia, pulmonary emboli, myocardial infarction, cardiac arrest, acute respiratory distress, sepsis, and septic shock. A secondary study population was used to assess for differences in the odds of developing a secondary EGS condition. The NIS-provided design weights were used to account for clustering within hospitals and to attain weighted national effects. Within this weighted population, differences in demographic, clinical case-mix, and hospital-level characteristics were compared using descriptive statistics (the Pearson χ 2 test for categorical variables, 1-way analysis of variance for continuous age, and Kruskal-Wallis tests for nonnormally distributed continuous LOS and cost). Propensity scores were calculated to account for potential confounding and were used to adjust the risk in subsequent multivariable regression models comparing differences in outcomes between patients managed early in the academic cycle and patients managed late. Propensity scores accounted for differences in age, sex, race/ethnicity, comorbidities, disease severity (as determined by the APR-DRG risk of mortality), year of admission, and insurance status. In addition to propensity scores, a direct risk adjustment further accounted for differences in hospital-level factors (region, location, and bed size), surgical procedure, and EGS diagnostic category. Logistic regression models were used for dichotomous outcomes. Generalized linear modeling, followed by an estimation of marginal means, was used to obtain risk-adjusted differences in LOS and total hospital cost, per patient. To account for the potential influence of seasonal trends throughout the year, a subset analysis restricting the later (September-June) management group to patients treated from April to May, with June omitted as a transitional period, was also considered.
Trends in risk-adjusted mortality and complications rates were further considered by month throughout the year. To generate risk-adjusted rates and corresponding 95% CIs, ratios of observed events to expected events for each month were determined. Observed events were the number of events that occurred. Expected events were calculated using postestimation marginal commands following risk-adjusted models for the 2 outcome measures. Resulting observed to expected ratios were multiplied by the unadjusted overall probabilities of death and complications to attain adjusted effects.
All statistical analyses were conducted using Stata Statistical Software Release 12 (StataCorp LP). A 2-sided P < .05 was considered statistically significant.
Results
A total of 1 433 528 patients were included, weighted to represent 7 095 045 patients from 581 (549 urban and 32 rural) teaching hospitals nationwide. Of these 1 433 528 patients with a primary EGS condition, 252 373 (17.6%) presented early in the academic year, whereas 1 181 155 (82.4%) were managed late. Complete demographic, case-mix, and hospital characteristics are presented by time of patient presentation in Table 1 (observed frequencies; weighted percentages). Despite statistical significance, the majority of variables were comparable between the 2 groups. Differences in risk-adjusted outcomes are presented in Table 3 . In contrast to the worse outcomes anticipated by the July phenomenon, EGS patients managed in July and August had comparable, if not marginally better, risk-adjusted odds of mortality (OR, 0.96 [95% CI, 0.92-0.99]) and complications (OR, 0.98 [95% CI, 0.96-0.99]) relative to EGS patients managed later in the year. Among patients admitted to teaching hospitals for an unrelated primary diagnosis, the riskadjusted odds of developing a secondary EGS condition were also lower among patients managed early vs late (OR, 0.97 [95% CI, 0.95-0.98]). There were no significant differences noted in terms of LOS and total hospital cost among patients with primary EGS conditions. Analyses restricted to patients who underwent a surgical procedure revealed similar results (Table 3) .
Risk-adjusted outcomes in a subset analysis comparing patients treated early in the academic cycle (July and August) with patients treated exclusively in the months of April and May again revealed no difference between the 2 groups (P > .05) (eTable 3 in the Supplement). When considered by month winter months from October to March (1.55-1.70 deaths per 100 patients). Complication rates, in contrast, stayed between 11.80 and 12.00 complications per 100 patients for much of the year, with a spike peaking toward 12.40 complications per 100 patients in November and December. Patterns for nonteaching 
Discussion
The results of this analysis conducted among a national sample of surgical patients treated at US teaching hospitals suggest that, in contrast to the worse outcomes anticipated by the July phenomenon, EGS patients managed early in the academic year fared equally well, if not better, than patients managed later. Known to be associated with a high level of resident involvement, 9,19 the results for EGS patients add to a growing body of literature that has begun to call into question the veracity of assumptions regarding the July phenomenon. treated exclusively at academic centers revealed a lack of significant mortality differences. 27 Some subsequent studies 1, 9, 25 pointed to increases in adverse surgical outcomes during July and August. They showed a 12% difference in mortality between elderly patients with hip fractures treated during the period from 1998 to 2003 at teaching vs nonteaching hospitals, 30% increased odds of mortality among patients undergoing complex cardiac surgery at a single institution in the United Kingdom during new resident rotations (July-August and January-February) during the period from 1996 to 2006 (differences in coronary artery bypass graft procedures were not significant), and an increase in the number of medical errors and complications at a single level I trauma center (which did not affect mortality) in the United States in July and August during the period from 2002 to 2006.
In contrast, data refuting the existence of the July phenomenon have demonstrated a lack of significant effects among cardiac patients, 4, 7, 21 patients admitted to the intensive care unit, 5 patients with appendicitis, 6 patients undergoing obstetric procedures, 7 patients undergoing complex neurosurgical teaching hospitals receiving EGS care. While logical in theory given the lack of experience available to beginning surgeons, the overwhelming conclusion from the literature, even among studies showing evidence of some "July effect" 8, 9 (and supported by our results) is that there is a failure to substantiate the claims behind the July phenomenon. It is time to debunk the myth.
As a constituent of acute care surgery, EGS heavily relies on acute care services for patient management, providing an opportunity for a "hands-on" surgical experience for many junior residents. 16, 17 Rather than worsening patient outcomes, the results reveal significantly, albeit marginally, improved outcomes among EGS patients managed early vs later in the academic year. If assumed to be clinically informative, these results suggest that, in emergency conditions, the presence of However, the possibility for increased near misses and medical errors, demonstrated among trauma patients by Inaba et al, 3 remains. Differences in outcomes can also potentially be partially explained by differences in disease presentations during the summer and winter months. An examination of specific EGS diagnostic conditions in our study demonstrated that a majority of complex EGS conditions present less often to teaching hospitals during the mid to late summer months (July and August) ( Table 2 ). Patients were more likely to present with disease conditions such as appendiceal pathologies and softtissue disorders, which historically have carried a lower risk of mortality and complications. [29] [30] [31] [32] [33] [34] Higher overall riskadjusted rates of mortality and complications ( Figure 2 ) peaked during the winter months (November and December) at both teaching and nonteaching hospitals, suggesting a possibly still greater role for seasonality beyond the July phenomenon during the winter holiday months. Future studies are warranted to consider the extent to which the inverse effect of the July phenomenon: how graduating chief residents and fellows, outgoing preliminary surgical residents, and generally shortstaffed holiday surgical crews could influence the outcomes that patients experience.
Our study has some limitations that need to be considered, and they are primarily centered on our study's reliance on administrative data. While use of the NIS provides the ability to ascertain national-level effects from a large number (n = 581) of teaching hospitals across the United States, including important characteristics about the hospitals themselves, it lacks access to certain aspects of more detailed clinical and biological data. Information on the level of resident participation and supervision in both operative and management decisions was similarly unavailable. An additional limitation is the lack of a standardized disease severity measure for EGS conditions. The APR-DRG risk of mortality, provided in the NIS, combined with the comorbidity assessment via the Charlson comorbidity index, offers a valid, albeit arguably imperfect, proxy.
Conclusions
The results of our study add to a growing body of surgical literature demonstrating a lack of evidence to support the existence of the July phenomenon. Beyond debunking the myth for emergency surgery procedures, the results suggest that an increase in surgical manpower and the potential for hypervigilance among surgeons, trainees, and staff overseeing new surgical recruits may actually supersede trainee inexperience, leading to marginally better outcomes for patients managed early in the academic year.
